It is well established that glucocorticoid hormones strengthen the consolidation of hippocampus-dependent spatial and contextual memory. The present experiments investigated glucocorticoid effects on the long-term formation of conditioned taste aversion (CTA), an associative learning task that does not depend critically on hippocampal function. Corticosterone (1.0 or 3.0 mg/kg) administered subcutaneously to male Sprague-Dawley rats immediately after the pairing of saccharin consumption with the visceral malaise-inducing agent lithium chloride (LiCl) dose-dependently increased aversion to the saccharin taste on a 96-h retention test trial. In a second experiment, rats received corticosterone either immediately after saccharin consumption or after the LiCl injection, when both stimuli were separated by a 3-h time interval, to investigate whether corticosterone enhances memory of the gustatory or visceral stimulus presentation. Consistent with the finding that the LiCl injection, but not saccharin consumption, increases endogenous corticosterone levels, corticosterone selectively enhanced CTA memory when administered after the LiCl injection. Suppression of this training-induced release of corticosterone with the synthesis-inhibitor metyrapone (35 mg/kg) impaired CTA memory, and was dose-dependently reversed by post-training supplementation of corticosterone. Moreover, direct post-training infusions of corticosterone into the insular cortex or basolateral complex of the amygdala, two brain regions that are critically involved in the acquisition and consolidation of CTA, also enhanced CTA retention, whereas post-training infusions into the dorsal hippocampus were ineffective. These findings provide evidence that glucocorticoid effects on memory consolidation are not limited to hippocampus-dependent spatial/contextual information, but that these hormones also modulate memory consolidation of discrete-cue associative learning via actions in other brain regions.
Extensive evidence indicates that adrenocortical hormones (corticosterone in rodents, cortisol in humans) modulate the consolidation of lasting memories of emotionally arousing experiences . Particularly, glucocorticoids are known to enhance the consolidation of hippocampusdependent spatial or contextual learning in rodents (Flood et al. 1978; Oitzl and de Kloet 1992; McGaugh 1996, 1997a; Roozendaal et al. 1996b; Pugh et al. 1997; Cordero and Sandi 1998) and declarative information in humans (Buchanan and Lovallo 2001; Andreano and Cahill 2006; Kuhlmann and Wolf 2006) . These findings are in accord with the evidence that the hippocampus has a high density of adrenal steroid receptors (McEwen et al. 1969; Reul and de Kloet 1985) and that glucocorticoids regulate several aspects of hippocampal neuroplasticity (Foy et al. 1987; Diamond et al. 1992; Pavlides et al. 1993; Xu et al. 1997; Korz and Frey 2003) .
Findings from our laboratory further indicate that the basolateral complex of the amygdala (BLA) interacts with the hippocampus in mediating glucocorticoid effects on memory consolidation of spatial or contextual information. Lesions or functional inactivation of the BLA block enhancement of spatial memory induced by post-training systemic or intrahippocampal injections of glucocorticoids (Roozendaal and McGaugh 1996; Roozendaal et al. 1996b Roozendaal et al. , 1999 Quirarte et al. 1997; Roozendaal and McGaugh 1997a) , whereas direct infusions of glucocorticoids or glucocorticoid receptor (GR) antagonists administered into the BLA also modulate the consolidation of memory of spatial training (Roozendaal and McGaugh 1997b; Roozendaal et al. 2002) .
Recent findings have suggested that glucocorticoids also strengthen the memory of emotionally arousing training experiences that do not depend critically on hippocampal functioning, such as object recognition, Pavlovian auditory-cue fear conditioning, and discrete-cue appetitive conditioning (Zorawski and Killcross 2002; Hui et al. 2004; Okuda et al. 2004; Roozendaal et al. 2006a,c) . These findings suggest that glucocorticoids also act in other brain regions to modulate memory of other kinds of information. Conditioned taste aversion (CTA) is a discrete-cue associative learning task in which rats acquire a strong and longlasting aversion to a novel taste when consumption of that taste is associated shortly afterward with the malaise-inducing drug lithium chloride (LiCl) (Bures et al. 1998) . The acquisition and consolidation of CTA depend critically on an intact insular cortex (Bures et al. 1998; Welzl et al. 2001; Bermúdez-Rattoni 2004) and, like other kinds of emotionally arousing training, the consolidation is modulated by BLA activity (Miranda and McGaugh 2004) . Findings of previous studies examining the role of hypothalamic-pituitary-adrenocortical hormones in CTA are inconsistent. Although adrenalectomy impairs acquisition of CTA (Peeters and Broekkamp 1994) , some evidence suggests that systemic administration of the synthetic glucocorticoid dexamethasone to adrenally intact animals also attenuates CTA (Smotherman 1985) . Other studies argued that the effects of glucocorticoids on CTA memory may be mediated indirectly by altering levels of adrenocorticotropin (Smotherman 1985) .
The present study examined further the role of glucocorticoids in the formation of CTA memory. A first experiment investigated whether systemic injections of corticosterone administered immediately after contingent pairing of saccharin consumption with a mildly aversive dose of LiCl would facilitate later retention. Unlike most other associative learning tasks in which the unconditioned stimulus has to be presented in close proximity to the conditioning stimulus, an interesting and important feature of CTA is that rats acquire aversion to the taste even when the aversive stimulus is administered several hours later (Garcia et al. 1955; Schafe et al. 1995; Bures et al. 1998 ). This allows the examination of drug effects on the memory trace of the novel taste separate from that of the gastric malaise. Therefore, we also investigated whether systemic administration of corticosterone enhanced aversion when administered either after the novel saccharin taste or after the LiCl injection. Further, as LiCl is known to increase plasma levels of corticosterone and adrenocorticotropin (Hennessy et al. 1976; Smotherman et al. 1976a,b) , we examined whether blockade of the endogenous corticosterone response with the synthesis-inhibitor metyrapone impaired memory formation of CTA. A last series of experiments examined whether glucocorticoids enhance CTA memory via direct actions in the insular cortex, BLA, or hippocampus.
Results

Post-training systemic injections of corticosterone enhance memory of taste aversion learning
This experiment examined whether corticosterone (1.0 or 3.0 mg/kg, subcutaneously [s.c.]) administered immediately after CTA conditioning with an intraperitoneal injection of a mildly aversive dose of LiCl (0.075 M), 30 min after consuming a novel saccharin drinking solution, would enhance long-term retention of the training experience and, thus, resemble the stronger aversion produced by administration of a much higher molarity (0.4 M) of the aversive stimulant. A diagram of the experimental design is shown in Figure 1A .
The average water consumption of the different groups did not differ during baseline (17 ‫ע‬ 2 mL; data not shown). Also, the groups did not differ in saccharin consumption during acquisition, i.e., before drug treatment (data not shown). Figure 1B shows saccharin aversion (expressed as the percentage saccharin consumption during acquisition) on the 96-h retention test trial of rats given immediate post-training injections of either vehicle or corticosterone. Saccharin intake of vehicle-injected rats was only mildly reduced (76.8% compared with acquisition; paired t-test: P < 0.01), indicating a weak aversion. A one-way ANOVA for saccharin aversion on the retention test trial revealed a significant group effect (F (2,33) = 3.70; P < 0.05). Fisher's post hoc analysis revealed that post-training injection of the lower dose of corticosterone (1.0 mg/kg) enhanced saccharin aversion relative to vehicle-treated rats (P < 0.05). Moreover, saccharin aversion of rats injected with this dose of corticosterone did not differ significantly from that of control rats conditioned with a highly aversive dose of LiCl (0.4 M) (unpaired t-test: P = 0.13). In contrast, the higher dose of corticosterone (3.0 mg/kg) did not significantly affect retention performance compared with the vehicle control group. Corticosterone (1.0 or 3.0 mg/kg) administration did not induce saccharin aversion in rats that were pseudo-conditioned with saline rather than LiCl (F (2,29) = 2.16; P = 0.13), indicating that corticosterone itself did not act as an aversive stimulus (Fig. 1C) .
Plasma levels of corticosterone of rats treated identically to those of the behavioral experiment are shown in Table 1 . Blood for the corticosterone assay was collected 30 min after the LiCl and corticosterone injections, at the peak of the corticosterone response. A one-way ANOVA revealed a significant group effect (F (4,35) = 46.39; P < 0.001). Post hoc tests indicated that plasma corticosterone levels of vehicle-injected rats conditioned with the low dose of LiCl (0.075 M) were not significantly elevated compared with those of rats that were pseudo-conditioned with saline (P = 0.16). As expected, corticosterone (1.0 or 3.0 mg/kg) injection dose-dependently elevated plasma corticosterone levels 30 min after conditioning (both, P < 0.001 compared with vehicle) and were within the same range as those found in rats conditioned with the highly aversive dose of LiCl ( Corticosterone injections do not alter sensory-perceptual effects of the LiCl injection
As indicated, extensive evidence indicates that post-training administration of glucocorticoids affects long-term retention via influences on the consolidation of the memory trace . However, although in the experiment above corticosterone was also administered post-conditioning, the corticosterone administration could have affected long-term memory by influencing sensory-perceptual aspects (i.e., painfulness) of the LiCl stimulus. To investigate this issue, we examined whether corticosterone increased either the severity or duration of the gastric malaise induced by LiCl, as assessed by reduced water consumption during recovery from illness. Water was presented to the rats at 30 min and 1 h after CTA conditioning with either a mildly (0.075 M) or highly aversive dose of LiCl (0.4 M) ( Fig. 2A) . As is shown in Figure 2B , two-way ANOVA of water consumption indicated significant treatment (F (2,21) = 15.56; P < 0.001) and time effects (F (1,21) = 42.40; P < 0.001) as well as a significant interaction between these two parameters (F (2,21) = 7.23 P < 0.005). Rats administered the high dose of LiCl consumed significantly less water at both 30 min and 1 h after the aversive stimulus presentation than did those injected with the lower dose of LiCl (both, P < 0.01), indicating that the higher dose of LiCl induced a stronger gastric malaise. Importantly, post-training administration of corticosterone, in a dose that enhanced CTA retention (1.0 mg/kg), did not reduce water intake during recovery compared with the water intake of vehicletreated rats, suggesting that corticosterone does not increase either pain sensation or perception after LiCl treatment.
Corticosterone injection after the aversive stimulus, but not novel taste, enhances conditioned taste aversion learning
This experiment investigated whether corticosterone would enhance retention of CTA when administered systemically either after the novel taste consumption or after the LiCl injection to examine what aspects of the association are influenced by glucocorticoids. To avoid overlapping drug effects on both stimuli, the delay between saccharin intake and LiCl (0.075 M) injection was increased to 3 h, an interval shown sufficient for corticosterone levels to return to baseline (de Quervain et al. 1998 ; see Fig.  3A ,B for experimental designs). The groups did not differ in baseline water intake and saccharin consumption during acquisition (data not shown). Figure  3C shows saccharin aversion on the retention test trial, 96 h after conditioning and drug treatment, of rats given vehicle or corticosterone immediately after the novel taste presentation. A oneway ANOVA revealed no significant group effect (F (2,35) = 0.94; P = 0.40), suggesting that corticosterone does not enhance memory of the novel taste experience or, alternatively, that an enhanced memory of the taste per se does not result in a greater aversion.
In contrast, a one-way ANOVA of saccharin consumption of rats injected with vehicle or corticosterone immediately after the LiCl treatment showed a significant group effect (F (2,34) = 3.55; P < 0.05). Fisher's post hoc analyses indicated that the higher dose of corticosterone (3.0 mg/kg) significantly increased saccharin aversion compared with that of vehicle-treated rats (P < 0.05). The lower dose of corticosterone (1.0 mg/kg) did not significantly enhance aversion (Fig. 3D ).
Blockade of endogenous corticosterone release during conditioning impairs taste aversion memory
The findings above indicate that corticosterone administered immediately after conditioning with a mildly aversive dose of LiCl enhanced retention of that experience. As the gastric malaise produced by LiCl is known to induce the release of corticosterone (current findings; Smotherman et al. 1976a,b; Smotherman 1985) , this increased adrenocortical activity may normally play a role in consolidating the memory of taste aversion. This experiment examined whether blockade of the corticosterone stress response with the 11␤-hydroxylase inhibitor metyrapone would impair the strong aversion produced with a high dose of LiCl (0.2 M). Metyrapone (35 mg/kg, s.c.) or vehicle was injected during acquisition 10 min before saccharin consumption (Fig. 4A ). Additionally, vehicle or corticosterone (1.0 or 3.0 mg/kg) was administered immediately after the LiCl injection to examine whether glucocorticoid supplementation could attenuate the metyrapone effect.
Metyrapone treatment did not alter saccharin consumption during acquisition (P = 0.82; data not shown). As shown in Figure  4B , a one-way ANOVA of saccharin aversion on the 96-h retention test trial revealed a significant group effect (F (4,74) = 3.15; P < 0.05). Metyrapone treatment significantly reduced saccharin aversion relative to that of rats treated with vehicle (P < 0.01). This metyrapone-induced retention impairment was dose-dependently reversed by posttraining supplementation of corticosterone (3.0 mg/kg; P < 0.05). Table 2 shows plasma corticosterone levels of rats sacrificed 30 min after conditioning, following the same CTA procedure and drug treatment regimen used in the behavioral experiment. CTA conditioning with LiCl (0.2 M) significantly increased plasma corticosterone levels compared with those pseudoconditioned with saline (P < 0.001). Metyrapone significantly attenuated this conditioning-induced increase in plasma corticosterone levels (P < 0.001), and exogenous supplementation of corticosterone (1.0 or 3.0 mg/kg) dose-dependently reversed this metyraponeinduced decrement (both, P < 0.001). Metyrapone alone did not significantly lower plasma corticosterone levels.
Post-training infusions of corticosterone into the insular cortex and BLA, but not hippocampus, enhance memory of taste aversion As indicated, the acquisition and consolidation of CTA, as well as that of several other forms of recognition memory, depend critically on the insular cortex (Bures et al. 1998; Welzl et al. 2001; Bermúdez-Rattoni 2004; Bermúdez-Rattoni et al. 2005) and is modulated by BLA activity (Miranda et al. 2003; Miranda and McGaugh 2004) . In contrast, the hippocampus appears to be not or only marginally involved in memory formation of CTA (Smotherman et al. 1981) . Although the insular cortex expresses a high density of adrenal steroid receptors (Morimoto et al. 1996) , it is not known whether glucocorticoids act within this cortical region to enhance memory of CTA. Furthermore, although extensive evidence indicates that glucocorticoids infused posttraining into the BLA enhance consolidation of hippocampusdependent inhibitory avoidance memory and water-maze spatial memory (Roozendaal and McGaugh 1997b; Roozendaal et al. 2002) , it is not known whether glucocorticoid administration into the BLA also enhances memory consolidation of CTA. This experiment investigated whether corticosterone administered bilaterally into the insular cortex, BLA, or hippocampus immediately after conditioning with a low dose of LiCl (0.075 M) would enhance retention of the CTA conditioning. Although the infusion volumes administered into the insular cortex (0.5 µL), BLA (0.2 µL), and hippocampus (0.5 µL) differed considering the size of each structure, the concentrations of corticosterone (5 or 10 ng/µL) administered into these brain regions were the same. Figure 5 shows representative infusion sites within these three brain regions.
As in the abovementioned experiments, the various treatment groups did not differ in baseline water consumption and saccharin consumption on the acquisition trial (data not shown). As is shown in Figure 6 , A and B, one-way ANOVAs for saccharin aversion on the 96-h retention test trial of rats infused with vehicle or corticosterone into either the insular cortex or BLA revealed significant drug effects (insular cortex, F (3,28) = 8.11; P < 0.01; BLA, F (3,35) = 6.15; P < 0.01). In both brain regions, post-training infusions of the lower dose of corticosterone (5 ng/µL) enhanced 96-h retention performance as indicated by a significantly increased saccharin aversion (insular cortex, P < 0.05; BLA, P < 0.01), whereas infusions of the higher dose were ineffective. This lower dose of corticosterone did not induce saccharin aversion by rats that were pseudo-conditioned with saline rather than LiCl. In contrast, one-way ANOVA of saccharin aversion on the 96-h retention test of rats infused with corticosterone (5 or 10 ng/µL) into the hippocampus did not reveal a significant group effect (F (2,26) = 0.60; P = 0.56; Fig.  6C ).
Discussion
An involvement of glucocorticoids in the consolidation of hippocampus-dependent spatial and contextual memory is well established (Flood et al. 1978; Oitzl and de Kloet 1992; McGaugh 1996, 1997a,b; Pugh et al. 1997; Cordero and Sandi 1998) . Such findings are consistent with the evidence that glucocorticoids regulate several aspects of hippocampal plasticity Cold (Foy et al. 1987; Diamond et al. 1992; Pavlides et al. 1993; Xu et al. 1997; Korz and Frey 2003) . In part because of such a strong emphasis on hippocampal neuroplasticity and memory, less attention has been given to a possible involvement of glucocorticoids in regulating other kinds of emotionally influenced memory. Emerging evidence, however, indicates that glucocorticoids also enhance memory consolidation of tasks that do not depend, or depend to a lesser extent, on the hippocampus (Zorawski and Killcross 2002; Hui et al. 2004; Okuda et al. 2004; Roozendaal et al. 2006a,b; Medina et al. 2007) . Further, there is evidence that glucocorticoids regulate neuroplasticity in other brain regions (e.g., the BLA and prefrontal cortex) (Karst et al. 2002; Maroun and Richter-Levin 2003; Duvarci and Paré 2007) . The present findings indicate that corticosterone is involved in the consolidation of memory for CTA and that this modulating influence occurs via direct actions in both the insular cortex and BLA.
In the present experiments, corticosterone administered to rats immediately after CTA training enhanced long-term retention of the taste aversion memory, as indicated by an increased avoidance of the saccharin drinking solution on the retention test. As corticosterone did not enhance retention performance of rats that were pseudo-conditioned with saline instead of LiCl, corticosterone itself did not act as an aversive stimulus (Kent et al. 2002) . These findings seem to conflict with early evidence that the synthetic glucocorticoid dexamethasone administered shortly before LiCl injection attenuated CTA (Smotherman 1985) . It seems possible that, as with the high dose of corticosterone in the present study, the dose of dexamethasone used in the earlier study may have been too high. Although the mechanism underlying such an inverted-U dose-response relationship on memory consolidation is not known, it is a general phenomenon found with both systemic and local drug administration on a wide range of learning tasks. Further, the efficacy (and even the direction) of corticosterone effects on memory consolidation also depends on the robustness and aversiveness of the training experience (Sandi et al. 1997) . Such findings may explain, at least in part, why a different dose of corticosterone enhanced memory consolidation when administered after a paired presentation of saccharin and LiCl than when both stimuli were separated by a 3-h delay. Furthermore, as modulation of memory consolidation depends on a complex, and only partially known, interplay between many hormones and neurotransmitters (McGaugh 2000) , it is impossible to quantitatively compare memory effects of corticosterone following systemic administration with those of corticosterone evoked endogenously by highly aversive training in terms of plasma levels.
The use of post-training administration of corticosterone normally provides direct support for the view that the drug affected memory consolidation and that the retention performance was, thus, not confounded by possible effects on attentional, motivational, or sensory-perceptual mechanisms at the time of conditioning or test (McGaugh 1966) . However, complicating this issue in CTA, the unconditioned stimulus of visceral malaise persists for 1-2 h after the LiCl injection, depending on the molarity of the LiCl solution, and thus is present after the corticosterone administration. Therefore, we investigated whether glucocorticoids affected sensory-perceptual effects of the visceral malaise (Kent et al. 2002) by examining water consumption of rats during illness at different time intervals shortly after LiCl injection. As rats injected with corticosterone or vehicle after conditioning with a low dose of LiCl consumed comparable amounts of water, but drank significantly more than did rats conditioned with a high dose of LiCl, these findings suggest that corticosterone did not influence CTA retention by modulating the painfulness of LiCl-induced visceral signals. Rather, they are consistent with the view that corticosterone, as found with all other learning tasks investigated to date, enhanced retention of CTA by facilitating time-dependent processes underlying the consolidation of the memory of the training.
As systemic injections of corticosterone enhanced CTA retention only when administered immediately after the LiCl injection, and not after the saccharin consumption, these findings indicate either that corticosterone did not enhance memory of the taste or that such an enhanced memory of the taste stimulus per se is insufficient to increase avoidance. Several studies have indicated that rats initially hesitate consuming a novel taste or food (i.e., neophobia), but increase intake of this food when there are no negative consequences (Bermúdez-Rattoni 2004) . It has been reported that a "safe-signal" memory of the novel taste becomes stronger when the delay between the taste presentation and LiCl stimulus increases. Our finding that saccharin intake of rats administered the high dose of corticosterone immediately after saccharin consumption was slightly increased suggests that corticosterone may have enhanced memory of the taste but associated this memory with the initial safe signal. Such enhancement of taste memory is consistent with the finding of increased saccharin consumption in pseudo-conditioned rats given corticosterone (Kent et al. 2002) .
Also consistent with previous findings (Smotherman et al. 1976a; Smotherman 1985) , CTA conditioning induced a large and dose-dependent elevation in endogenous plasma corticosterone levels. Such findings suggest that increased adrenocortical function may normally play a role in the long-term formation of Plasma corticosterone levels (mean ‫ע‬ SEM) of rats trained identically as those shown in Figure 3 . Metyrapone was given 10 min before, and LiCl and corticosterone 30 min after, saccharin consumption. Animals were sacrificed 30 min after LiCl and corticosterone injection. taste aversion memory. In support of this implication, the corticosterone synthesis-inhibitor metyrapone administered shortly before acquisition reduced the training-induced increase in corticosterone levels as well as impaired the retention of CTA. As post-training injections of corticosterone dose-dependently reversed the metyrapone-induced retention impairment, the memory-impairing effect of metyrapone was most likely directly related to the suppression of adrenocortical function (Roozendaal et al. 1996a ). These findings are consistent with evidence that adrenalectomized mice exhibited an impaired acquisition of CTA that was attenuated by a single administration of either corticosterone or dexamethasone 5 min after LiCl injection (Peeters and Broekkamp 1994) . Although several studies have indicated that glucocorticoids influence memory consolidation in a wide variety of learning tasks, prior studies using local infusions have not examined whether glucocorticoids may modulate memory consolidation by acting in brain regions known to support learning and memory assessed in these different tasks. As indicated, CTA depends on a neural circuitry involving the insular cortex, also termed gustatory or taste cortex (Bermúdez-Rattoni 2004). Lesions or functional inactivation of the insular cortex block both the acquisition and retention of CTA (Nerad et al. 1996; RamirezAmaya et al. 1998; Cubero et al. 1999; Roman et al. 2006) . The insular cortex is primarily involved in the association of the gustatory and visceral stimuli (Bermúdez-Rattoni 2004) . The present findings indicate that glucocorticoids act in this brain region to influence CTA memory formation. Although most studies of the involvement of the insular cortex in memory have investigated taste aversion and taste recognition, there is some evidence that the insular cortex is also involved in memory that is not based on taste, including object recognition and inhibitory avoidance . Such findings fit well with recent evidence of two brain imaging studies suggesting an involvement of the insular cortex in human face and tactile recognition (Paller et al. 2003; Reed et al. 2004) . As glucocorticoids are known to also influence the consolidation of other forms of recognition memory (Okuda et al. 2004; Roozendaal et al. 2006c) , the insular cortex (and possibly perirhinal cortex) may be a general target for glucocorticoids in influencing recognition memory consolidation. In support of this view, preliminary findings indicate that infusions of the specific GR agonist RU 28362 administered into the insular cortex immediately after object recognition training enhanced memory consolidation of this training (T. Bredy, B. Roozendaal, and J.L. McGaugh, unpubl.) .
The finding that corticosterone administered into the hippocampus did not influence retention of CTA is consistent with several findings indicating that CTA memory does not depend critically on an intact hippocampus (Smotherman et al. 1981 ). However, it should be noted that several researchers have used CTA procedures (e.g., discrimination between different tastes using multiple bottle tests or aversion produced in a particular context) that are hippocampusdependent (Best and Orr 1973; Krane et al. 1976 ).
The finding that corticosterone administered into the BLA after CTA conditioning enhanced retention is consistent with extensive evidence that the BLA is also critically involved in CTA (Miranda et al. 2002 (Miranda et al. , 2003 . Functional inactivation studies have suggested that the BLA is particularly involved in processing of the aversive visceral signals, i.e., gastric malaise, and not that of the more emotionally neutral taste signal (Gallo et al. 1992) . Furthermore, evidence indicates that the BLA interacts with the insular cortex in memory formation of CTA. For example, asymmetrical unilateral infusions of the neurotoxin tetrodotoxin administered into the insular cortex and BLA completely blocked acquisition of CTA, whereas unilateral inactivation of these two brain regions in the same hemisphere was without effect (Bielavska and Roldan 1996) . Moreover, unilateral infusions of the cyclic AMP analog 8-bromo-cAMP infused into the insular cortex enhanced CTA, but this effect was blocked by ipsilateral infusions of the ␤-adrenoceptor antagonist propranolol into the BLA (Miranda and McGaugh 2004) . Such an interaction of the BLA with the insular cortex is consistent with extensive evidence implicating the BLA in regulating memory consolidation of other emotionally arousing learning tasks via direct interactions with a wide variety of other brain regions (McGaugh 2002) . For example, a GR agonist or antagonist infused into the BLA modulates memory consolidation of inhibitory avoidance, contextual fear conditioning, and water-maze spatial leaning (Roozendaal and McGaugh 1997b; Donley et al. 2005) . Glucocorticoid effects on the consolidation of memory for emotionally arousing experiences are intimately linked to noradrenergic activation in the BLA. A ␤-adrenoceptor antagonist infused into the BLA block memory enhancement induced by glucocorticoids administered systemically or into specific brain regions on inhibitory avoidance, auditory-cue fear conditioning, and object recognition tasks (Quirarte et al. 1997; Roozendaal et al. 2002 Roozendaal et al. , 2006a . Recent findings of animal and human studies investigating the effects of adrenocortical hormones on memory consolidation strongly suggest that glucocorticoids selectively enhance memory of emotionally arousing experiences (Buchanan and Lovallo 2001; Okuda et al. 2004; Abercrombie et al. 2006; Kuhlmann and Wolf 2006; van Stegeren et al. 2007 ) because of a critical dependence on training-induced noradrenergic activation within the BLA (Roozendaal et al. 2006b,c) .
In conclusion, these data confirm the evidence from many different types of experiments that adrenal stress hormones, released during or after emotionally arousing experiences, play a critical role in consolidating lasting memories. The present findings provide strong evidence for the view that glucocorticoid effects on memory consolidation are not restricted to facilitating memory of context-dependent training but are involved in consolidating memory of many different kinds of emotionally arousing learning experiences. Figure 6 . Effects of post-training infusions of corticosterone (5 or 10 ng/µL) administered into the insular cortex (A), BLA (B), or hippocampus (C) on taste aversion as assessed on a 96-h retention test trial. Corticosterone (Cort) infused into either the insular cortex or BLA, but not hippocampus, induced a significant enhancement of taste aversion. Corticosterone infusions into the insular cortex or BLA did not induce aversion when administered to rats that were pseudo-conditioned with saline. The aversion index (mean + SEM) is expressed as the percent saccharin consumption on the retention test as compared with that during acquisition. (*) P < 0.05, (**) P < 0.01 as compared with the corresponding vehicle (Veh) group (n = 8-9 rats per group).
Materials and Methods
Subjects
Male adult Sprague-Dawley rats (300-350 g) were kept individually in a temperature-controlled (22°C) colony room and maintained on a standard 12-h light:12-h dark cycle (07:00-19:00 h lights on) with ad libitum access to food and water. They were kept in these conditions for at least 5 d until commencement of the experiments. Training and testing were performed during the light phase of the cycle (between 10:00 and 13:00 h), at the rat nadir of the diurnal rhythm of corticosterone. All experimental procedures were in compliance with the NIH Guide for Care and Use of Laboratory Animals and Rules in Health Matters (Ministry of Health, Mexico) and approved by the University of California, Irvine's Institutional Animal Care and Use Committee as well as the Animal Ethics Committee of Instituto de Neurobiología, Universidad Nacional Autónoma de México.
Taste aversion conditioning and test procedures
The rats were initially deprived of water for 24 h and then habituated to drink water from a graduated bottle for 20 min/d for 5 d. After a stable water consumption baseline was reached, the animals were randomly divided into several treatment groups and acquisition of CTA was performed. For conditioning, the rats were allowed to freely drink a 0.1% saccharin solution from a graduated bottle for 20 min in their home cages, and the volume drunk was recorded. Thirty min or 3 h after completion of saccharin intake, the animals were injected intraperitoneally (i.p.) with LiCl (3 mL), in either a low dose (0.075 M in distilled water) that produces only mild CTA or higher doses (0.2 or 0.4 M in distilled water) known to induce robust CTA (Miranda et al. 2002) . For the next 3 d, water baselines were recorded. Ninety-six hours after conditioning, a 0.1% saccharin solution was presented for 20 min to test for retention of the acquired taste aversion (i.e., single bottle test). An aversion index was calculated as the percentage saccharin intake on the retention test as compared with that ingested during the acquisition trial.
Drugs and systemic injection procedures
For systemic injections, corticosterone (1.0 or 3.0 mg/kg; Sigma) was administered subcutaneously in a volume of 2.0 mL/kg immediately after either saccharin consumption or LiCl injection. Corticosterone was first dissolved in 100% ethanol and then diluted in 0.9% saline to reach its appropriate concentration. The final concentration of ethanol was 5%. The vehicle solution contained 5% ethanol in saline only. These doses were selected on the basis of previous experiments (de Quervain et al. 1998) .
For adrenocortical suppression, the 11␤-hydroxylase inhibitor metyrapone (2-methyl-1,2-di-3-pyridyl-1-propanone; 35 mg/ kg; Sigma) was injected in a volume of 2.0 mL/kg on the acquisition trial 10 min before saccharin consumption. The drug was first dissolved in polyethylene glycol and subsequently diluted with 0.9% saline to reach the appropriate concentration. The final concentration of polyethylene glycol was 40%. The vehicle control contained the 40% polyethylene glycol in saline only. All rats were handled for 1 min on the 3 d prior to acquisition and were held gently during the injections.
Surgery for cannula implantation
The rats were anesthetized with sodium pentobarbital (50 mg/kg body weight, i.p.) and given atropine sulfate (0.4 mg/kg, i.p.) to maintain respiration. The skull was positioned in a stereotaxic frame and two 23-gauge stainless-steel guide cannulae were implanted bilaterally, aimed 2.0 mm above the insular cortex (12-mm long; coordinates: anteroposterior [AP], +1.2 mm relative to Bregma; mediolateral [ML] , ‫5.5ע‬ mm from midline; dorsoventral [DV], 3.0 mm below dura), the BLA (15-mm long; AP, ‫8.2מ‬ mm; ML, ‫0.5ע‬ mm; DV, ‫5.5מ‬ mm), or the dorsal hippocampus (11-mm long AP, ‫4.3מ‬ mm; ML, ‫5.1ע‬ mm; DV, ‫4.1מ‬ mm). The coordinates were based on the atlas of Paxinos and Watson (2005) . The cannulae were fixed to the skull with dental acrylic cement and two surgical screws. Stylets were inserted into the guide cannulae to prevent clogging. The rats were allowed to recover for a minimum of 7 d before initiation of training and were handled three times for 1 min each during this recovery period to accustom them to the infusion procedure.
Drugs and infusion procedures
Corticosterone (5 or 10 ng/µL; Sigma) was first dissolved in 100% ethanol and subsequently diluted in saline to reach the appropriate concentration. The final concentration of ethanol was 2%. Drug doses were chosen on the basis of our previous findings (Medina et al. 2007 ). Bilateral infusions of drug, or an equivalent volume of vehicle, were made by using 30-gauge injection needles connected to a 10-µL Hamilton microsyringe by polyethylene (PE-20) tubing, driven by an automated microinfusion pump (Carnegie Medicine). The injection needles protruded 2.0 mm beyond the tip of the cannula, and an injection volume of 0.2 µL per hemisphere for the BLA or 0.5 µL per side for the insular cortex and hippocampus was delivered over 1 min. The injection needles were retained within the cannulae for an additional minute following drug infusion to maximize diffusion and prevent dragging along the cannula track. The infusion volume for the BLA was based on findings that this volume of an excitotoxin administered at identical injection sites induces selective lesions of the BLA (Roozendaal and McGaugh 1996) . Furthermore, drug infusions of this volume into either the BLA or adjacent central nucleus of the amygdala induce differential effects on memory consolidation (Parent and McGaugh 1994; Quirarte et al. 1997; Roozendaal and McGaugh 1997b; Bahar et al. 2003) . The infusion volume for the insular cortex was based on previous findings indicating that infusion of this volume into the insular cortex, but not into the parietal cortex located above the insular cortex, modulates memory consolidation (Bermúdez-Rattoni et al. 2005 ).
Corticosterone assay
Thirty min after conditioning and drug administration, some animals were injected with an overdose of sodium pentobarbital and decapitated within 90 sec of the injection. Trunk blood was collected in heparinized (500 units/mL) tubes and stored on ice. After centrifugation at 4500g for 10 min, the supernatant was stored at ‫°08מ‬C until assay. Corticosterone plasma concentrations were determined by a commercially available enzyme immunoassay kit, using a 96-well microtiter plate coated with polyclonal antibody raised against corticosterone (Alpco). The absorbance levels were measured with a photometric microplate reader (Thermo Labsystems) at 450 nm. The sensitivity was 0.023 µg/dL, and the coefficients of variation within and between assays were <10%.
Histology
After completion of the behavioral experiments, cannulated rats were overdosed with sodium pentobarbital, and intracardially perfused with 0.9% saline. After decapitation, the brains were removed and stored in a 4% paraformaldehyde solution for 24 h at 4°C. The brains were then immersed in a 30% glucose solution at 4°C. Coronal slices (50 µm thick) were mounted on gelatincoated glass slides and stained with cresyl violet. The sections were examined under a light microscope and determination of the location of injection needle tips in the target areas was made according to the standardized atlas plates of Paxinos and Watson (2005) by an observer blind to drug treatment condition. When the injection needle tip was not visible in the histological material, the location was extrapolated 2.0 mm from the guide cannula tip. A total of 38 rats with injection needle placements outside the target area or with extensive tissue damage at the injection needle tips was excluded from analysis.
Statistics
The aversion index (percentage of saccharin consumption during retention compared with acquisition) was analyzed using one-way ANOVAs for groups followed by pairwise Fisher post hoc tests, when appropriate. Sensory-perceptual data were analyzed with a two-way ANOVA with the factor time as a repeated measure. For all comparisons, a probability level of <0.05 was accepted as statistical significance. The number of rats per group is indicated in the figure legends.
